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Characteristics of a Broadband Microwave
Corrugated Feed: A Comparison Between

Theory and Experiment

By C. DRAGONE
(Manuscript received December 14, 1976)

A corrugated feed with nearly ideal radiation characteristics from
17 GHz to 29 GHz has been built using a novel fabrication technique.
The bandwidth of single-mode operation was maximized by properly
choosing the input parameters of the feed. As a result, only the fun-
damental mode can propagate at the input from 19 GHz to 28.8 GHz.
In this frequency range, the far field is essentially polarized in one
direction. At frequencies higher than 28.8 GHz, there is a cross-polar-

ized component caused by an unwanted mode. An approximate cal-

culation of the power in this mode is given. A simple formula for the

input reflection coefficient is provided. Results are included that show
how to compute mode conversion in a conical taper, cross polarization

from a corrugated horn, including contributions from spurious modes,
and the reflection coefficient from the smooth-guide to corrugated-

guide transition. Comparison of theory and experiment shows good
agreement.

I. INTRODUCTION

It has been shown by Thomas 1 that under certain conditions the field

over the aperture of a corrugated feed is virtually constant over a very
wide frequency range. For this behaviour to occur, the radius a of the
aperture must be much larger than a wavelength, i.e.,

ka»l(k=-
(*-f)

and furthermore, the aperture must be illuminated by a single mode. If

both conditions are satisfied, we can show that the field distribution is

essentially independent of the surface reactance of the corrugated horn
wall, Xs, and, as a consequence, it is little affected by the variation of

X.s with frequency. This result is very important, for it implies that it
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z = 1-2,

a(o) = 0.629 cm
b(o) = 1161 cm
a(z2 l

3.144 cm

b(z2 ) - a(z 2 ) ~ X/4 AT 22.9 GHz

z, = 45.7 cm

z 2
= 78. 7 cm

Fig. 1—Dimensions of the corrugated horn.

is possible to design a feed so that its radiation pattern is circularly

symmetric and polarized in one direction over a very wide frequency

range 1-3 (an octave or more). The most difficult condition to satisfy to

obtain such large bandwidth is the requirement that a single mode be

excited in the feed. This requirement is discussed in a separate article.
4

Here, after summarizing certain results of that article, we describe the

results of an experiment. A long feed, with a flare angle of only 4°, was

fabricated using a special technique described in Appendix D. At the

input of the feed, which is shown in Fig. 1, the waveguide dimensions (the

corrugated depth / and the radius a; see Fig. 1) were optimized so as to

maximize the bandwidth of single mode propagation. As a consequence,

unwanted modes were cut off (at the input) over the frequency range

a)] < u) < 1.6839coi, m

where m = 19 GHz and 1.6839wi = 28.8 GHz. The input reflection and

the far field were then measured from 17 GHz to 35 GHz. The input re-

flection agrees very well with a simple formula given in eq. (42) and de-

rived in Ref. 4. Over the frequency range (2), the far field is essentially

polarized in one direction. At frequencies higher than 28.8 GHz, however,

a strong cross-polarized component is caused by an unwanted HEn
mode, which is excited primarily at the input of the feed. A simple ex-

pression for the power converted into this mode is given in Ref. 4.
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II. PRELIMINARY CONSIDERATIONS

In the experiment described in Section V, the feed is excited at the

input by a linearly polarized TEn mode. Therefore, consideration will

be restricted to the modes arising for this particular excitation.2-8

Consider a disk-loaded waveguide centered around the 2 axis as in Fig.

1, and let r, </>, z be cylindrical coordinates defined by x = rcos0 and y
= r sin0. Assume for the moment that the waveguide parameters h, a,

b, and t are independent of 2. The separation h of the disks, which oc-

cupy the region a < r < b, is assumed to be much smaller than a wave-
length A

kh « 1. (3)

The region between two consecutive disks forms a radial line whose input

reactance jX at r = a is a function of the radial length I = b - a; for ka
»1,

jX~jZ tankl, (4)

where Z = v^o/to • Because of condition (3), the effect of the disks can

be adequately accounted for by introducing an effective surface reac-

tance2

;x,=,*(i-i), <5)

where t is the thickness of the disks, and by requiring that the field for

r < a satisfy the boundary conditions

E,„ ~

jxs

forr = a, (6)

where E,,„ H^„ Ez are the and 2 components of the electric and magnetic
field.

2. 1 The HE,m and HE',m modes

The properties of the hybrid modes2-8 of a corrugated waveguide are

determined by the radius a and the surface reactance Xs of the wave-
guide. In general, there is no simple relation2 between the propagation

constant /3 of a mode and the two parameters a and Xs . If, however,

condition (1) is satisfied and furthermore

ka
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where

y =-|,

then we can show2,4 that for all the modes except one, described in Ap-

pendix B of Ref. 4, the propagation constant is independent ofXs and

is simply given by

0a~V(ka) 2 -u 2
, (9)

where u is a constant that is either the mth root of Jo(u) = 0, or ofJ2(u)

= 0. Thus, either

U = Um , Jo(Um) =0 (10)

or

u = um,J2(u m ) = 0. (11)

The modes to which eq. (10) applies will be called HEim modes and those

corresponding to eq. (11), HEim modes. The HEim modes approach

asymptotically, for large ka, the field distribution2-4

E = J (-w)e-^2
ix ,

(12)

whereas the HEim modes approach the distribution

E = J2 (~ u) (cos20ix + sm2(f>iy
)e-Jiiz . (13)

The absence of a 2 component in eqs. (12) and (13) is due to the fact that

this component vanishes like 1/ka, as ka -* °°.

The HE)m modes, which are given by eq. (12), have the important

property that the electric field is polarized in one direction. Of special

interest is the fundamental mode (m = 1) characterized by

u=ui = 2.4048. (14)

Note that both eqs. (12) and (13) are frequency independent.

Thus, over the frequency range in which both conditions (1) and (7)

are satisfied, the field distribution of an aperture illuminated by the HEn
mode is essentially frequency independent. 1 -2 If, however, only condition

(1) and not condition (7) is satisfied, then we must add4 to the right-hand

side of eq. (12) a component of the type (13), so that

7_-l

7

where the factor c
-^2 has been omitted. Both 7 and u are functions of

ka and Xs , and, therefore, they vary with frequency. If one develops 7,

E~J (- u) ix
- 7 J2 (~ u) (cos20i* + sin20iy ), (15)

\a I y + 1 \a /

872 THE BELL SYSTEM TECHNICAL JOURNAL, JULY-AUGUST 1977



u in power series of y and l/ka one finds4

u = u,

\2ka 8 \Aza/
(17)

2.2 Mode conversion in a conical horn*

Consider a conical horn of constant surface reactance and flare angle

or, as shown in Fig. 1, from z = Z\toz = zo. If <x is sufficiently small, and
if the input of the horn is excited in the HEn mode, then the resulting

field inside the horn is very nearly a spherical wave1,3 originating from

the apex of the horn and given by

Ee~ikR
, (18)

where E is given by eq. (15) and R is the distance from the apex of the

horn. Since « is small,

R~z+^, (19)
2z

r being the radial distance from the axis and z the axial distance mea-

sured from the horn apex. From eq. 17, the parameter y which appears

in eq. (15) is a function of both y and ka; assume |y| ?± «>, 0. Then, since

ka increases with z, we have from eq. (17) that y varies with z, and
therefore the field distribution (15) does not remain constant with 2. This

variation is accompanied by generation of unwanted modes, an effect

that will be negligible only if a is sufficiently small.

To determine how small a should be, consider the special case ka{z\)

» 1 treated in Ref. 4. Let Pc be the total power converted from the de-

sired mode into the HE] 1 mode and let Pq be the power incident at the

input. Then, we find that for z = z~>

Pc = P X 3.393 (10-*)y2 tan 2
<v| 1 - e^\ 2

, (20)

where

10.295 y / a(zi)'

t-^rhfr-tV- (21)
y tanaka(z\) \ 0(22)/

Therefore,

Pc 5; P„ X 1.357(10- 2
)y

2 tan2
«, (22)

where the equality sign is attained for \p = (2n + l)7r. In the experiment,

a = 4°, in which case for y = 1 we find Pc ^ 6.636 X 10
-5 (-41.8 dB),

which is negligible for most practical purposes.
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III. RADIATION CHARACTERISTICS26-7

Let the aperture of the horn be of sufficiently large diameter that the

far field is simply proportional to the Fourier transform F of the aperture

field. Also let a be so small that we can neglect the phase variation caused

over the aperture plane by the variation of R in (18). Then, by taking the

Fourier transform of eq. (15), we obtain for the field distribution at a

great distance D from the aperture, for example, using the contour in-

tegral method of Ref. (4),

F = N (u,u)ix + 2 L̂-N2(u,v) (cos20ix + sin2^iy ), (23)
7+1

where

v = ka(z 2) sin0, (24)

Nk (u,v) = 9

fl2

= [vJkWiiv) - uJk (v)Ji(u)], (25)
u z — u z

and 0, are spherical coordinates defined by x = D sinfl cos</>, y = D sin

sin0. Equation (23) gives, except for a factor independent of
<f>, 0, the

far-field pattern. For small y/ka we have

u=ui = 2.4048.

In this case, from eqs. (23) to (25) the cross-polarization ratio C between

the maximum value of \Ey \
, which occurs for u = 3.67, and the maximum

value of \EX \
, which occurs for v = 0, is given by

C 2 = j^jj" = (0.26) 2
l
1^1

)

2

. (26)

|£*|max Vy + 1/

From eq. 17, the asymptotic value of C 2 for large ka is

C2 ->0.14(^V
2

. (27)

If ka » 1, but y/ka is not small, C 2 has the behaviour of Fig. 2.

Equation (23) assumes that the aperture of the horn is illuminated

by the HEn mode. If, in addition to this mode, there is also some HE'n

mode of power Pc, then we have in addition to the component in (23),

a component4

-eJ* X \l
PcJ ~

l

}
U
J N2(u,v)(cos4>ix + sin0iv ), (28)

PqJ\{u)

where Pc , Pq are the powers carried by the two modes and \p is their dif-

ference in phase for z = z 2 . For ka»l,

u ~ui = 5.1356. (29)
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40 -

0.30

y/ka

Fig. 2— Cross-polarization peak versus normalized surface susceptance.

Therefore, from eq. (25) with Jo{u) = 0,

mm,u) = (^^WiOi))
2

whose maximum value occurs for u ~ 4.356 and is

1.271 X 10- :{ X a Vf(u)u 2
.

Because of the component (28), we have for y = 1 that the ratio C2 be-

tween the maximum value of
|
Ey \

2
, which now occurs for u = 4.4 and

the maximum value of \EX \
is

(30)

(31)

C2 = 0.194
P,

(32)

Note from eq. (23) that the normalized radiation pattern of the HEu
mode for ka » 1 is simply given by

™-h£JiJ (33)

with u = U\ = 2.4048 and v = ka sin 6. If 0] and 0-2 denote the values of

6 for which P(0) = 0.5 and P(0) = 0.1, then from eq. (33)

ka sin Oi = 2.078 (3-dB point) (34)

and
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ka sin 2 = 3.597 (10-dB point), (35)

respectively.

IV. FEED DESIGN249

The feed of Fig. 1 is now described. Its measured characteristics are

discussed in Section V. Let |w2l wil be the frequency range over which

only the dominant mode, the HEn mode, propagates at the input (z ~

0). Let wo be the frequency at which the surface reactance is infinite at

the aperture; then

6(29) — a(z9)~-,ata> . (36)
4

At the input, the ratio between the radii b and a is optimized for maxi-

mimum a>2/W This is shown in Appendix A to require

W = ™155 = 1.8309. (37)

a(0) 3.8317

Then*

2* m (23\ =1.6839, (38)

a>i \a)i/MAX

and the surface reactance can be shown to vanish for a; = a>2,

y = cd for 2 = 0, at co = u>2- (39)

In the experiment, the frequency o>i was chosen equal to 19 GHz, which

gives W2 = 28.8 GHz, a(0) = 0.556 cm, and MO) = 1.161 cm, as we obtain

from eqs. (37) and (38) and the condition

kb = 7.0155 at o> = « 2 ,
(4°)

shown by Fig. 9 of Appendix A.

From Fig. 1 the feed consists of two parts joined at 2 Z\. From 2 =

to 2 = 21, the outer radius is kept constant, so the cutoff frequency of

the HE',, mode remains constant, as shown in Appendix A, where the

relations between a, 6 and the cutoff frequencies of the various modes

of eqs. (12) and (13) are derived. Note that from 2 = to 2 = z\ the radius

a increases, which implies that at any given frequency the surface re-

actance decreases with 2. The importance of this requirement was first

realized by Bryant8 . From 2 = z x
to the aperture, the surface reactance

remains constant with 2. The frequency o>o at which it is infinite was

chosen in the experiment

* To put this ratio in perspective, the highest frequency of the 6-GHz (TH) common

carrier band is 1.732 times the lowest frequency of the 4-GHz (TD-2) band; similarly, for

the 18- and 30-GHz bands, the ratio is 1.695.
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«o = 1.21 «i. (41)

Over the frequency range jcoi, uo] only the HEn mode is excited at the

input, other modes being cut off. Therefore, since the variations of a (z

)

and b(z) from the input to the aperture in Fig. 1 are sufficiently gradual

to ensure negligible generation of unwanted modes, we have that the

aperture is essentially illuminated by a single mode, the HE] i mode, over

the above frequency range. The radiation characteristics for coi < a> <
u<2 are, therefore, given accurately by eq. (23) with a = a(z2) and u given

by eq. (16) for m = 1.

From eq. (39), the input surface reactance vanishes at a>2- Therefore,

since the corrugated waveguide is connected at the input to a smooth

waveguide of the same diameter, the input reflection is essentially zero

at a) = 0)2- For a) 5* a>2, however, there is a reflection which, as we shall

see in Section V, is given accurately by

M * m (b=A)\ (42)

where ft is the propagation constant of the TEi i
mode and fi\ is that of

the HEn mode. Equation (42) is derived in Ref. 4.

At frequencies higher than a>9, some of the incident power is converted

into the HE'i i
mode. IfPc denotes the converted power and Po denotes

the incident power, then

Pc-\ 1 I
2

fli
(43)

Po~La(Pi-02)yl02(u2 -l)'

where u = 1.841 and 0-> is the propagation constant of the HEn mode.

Some of the incident power is also converted into the TM] j mode of the

smooth waveguide. If Pc denotes this power, which is reflected by the

junction, we have4

P'c - Uh - P'2)
2 Mi 1

Po (0, + &)W -1*2' (44)

where 02 is the propagation constant of the TMn mode. The above

coupling equations are derived in Ref. 4 assuming |y| » 1.

In the experiment described in the following section, the corrugated

waveguide is connected at the input to a smooth waveguide whose radius

gradually increases from a relatively small value a' to the final value a (0).

The initial value a' is sufficiently small so that the TMn mode is cut off

and, as a consequence, the power P'c is reflected back towards the junc-

tion where it is converted into the HEn mode of the corrugated wave-

guide. The total power converted into the HE] imode is thus in general

different from P<.. It varies approximately between the two values

(Wc
- v^) 2 and (VF~C + W^, (45)
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-10 -

-30-

-40-

25 28 31

FREQUENCY IN GIGAHERTZ

Fig. 3—Return loss of corrugated horn of Fig. 1 vs frequency.

depending on the phase angle of the TMn mode incident on the junc-

tion.

V. EXPERIMENT

A corrugated feed of the dimensions shown in Fig. 2 was built using

a technique described in Appendix C. Its measured reflection coefficient

agrees* very well with eq. (42), as shown in Fig. 3. Its radiation charac-

teristics are shown in Figs. 4 through 6. From 17.5 GHz to 32 to GHz, the

radiation patterns are in good agreement with eq. (33), as shown in Fig.

4, which compares eq. (33) with two measured patterns of \EX \

2 in the

plane <j>
= 45°. Furthermore, from 17.5 GHz to 32 GHz, there is little

difference between the patterns of \EX
|

2 in the two principal planes (0

= and = 90°) and the pattern for = 45°. The difference is altogether

negligible at a> = 23 GHz, which is the frequency for which y = at the

aperture. Figures 5 and 6 show a few examples of patterns measured in

the two principal planes. The variations with frequency of the beam-

widths 20i and 202 (respectively, the 3-dB and 10-dB beamwidths) agree

very well with eqs. (34) and (35), as shown in Fig. 7, where the measured

beamwidths in the plane = 45° are compared with the calculated

values.

Finally, the cross-polarized componentEy is very small over the fre-

quency range of eq. (2), as shown in Fig. 8. For w > 28.8 GHz, however,

* Note that the measured reflection coefficient includes a small reflection due to a

transition from rectangular to circular waveguide, which was connected at the input of

the feed during the measurement.
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CALCULATED [EQ. (37)]

31 GHz

17.5 GHz

20

Fig. 4—Calculated and measured radiation patterns vs normalized angle at </» = 45°.

the normalized peak C 2 of Ey increases rapidly with frequency as ex-

pected because of the HE] , mode, which is excited at the input for u> >
28.8 GHz. The solid curves and the dashed curves in Fig. 8 correspond

to eqs. (27) and (43), respectively. The agreement with the measurements
is satisfactory, taking into account that eq. (43) is not expected to give

exactly the total power converted into the HE^ , mode, for several reasons.

In the first place, eq. (43) assumes a very large number of disks per

wavelength,

h « A,
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whereas in the experiment, h ~ 0.137X at 30 GHz; the effect of a finite

number of teeth is briefly discussed in Appendix B. In the second place,

eq. (43) assumes that only the TEn mode is incident at the input,

whereas in practice also the TMn mode is incident, for the reason

pointed out in Section IV. The total power carried by the TMn mode

is approximately given by eq. (44).

10

-20

30

-40

50
-60 -48 -36 -24 -12 12 24

BEAMWIDTH W) IN DEGREES

Fig. 5—Measured radiation patterns at = 0° and <j> = 90° (principal planes).

Note, finally, that even if the total power converted into the HEn mode
is calculated accurately, to determine the resulting cross-polarization

peak C 2
, the difference in phase between the HEn and HE'n modes must

be determined.
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-10 -

70

30

40

50
-12 12 24

BEAMWIDTH (0| IN DEGREES

Fig. 6—Measured radiation pattern at </> = 0° and = 90° for 32 GHz (effect of HE^ , mode
on pattern symmetry is evident at upper frequency limit of operation).

VI. CONCLUSIONS

Using a novel fabrication technique, described in Appendix C, which

can be applied at very high frequencies, a corrugated feed of small flare

angle was fabricated. Its input reflection, found to be given accurately

by the simple formula

|P| U +J'
remained less than —30 dB from about 24 to 32 GHz. Over the frequency

range wi < u> < u)->, the far field was essentially polarized in one direction;
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FREQUENCY IN GIGAHERTZ

Fig. 7—Calculated and measured 3-dB and 10-dB beamwidths.

its pattern is simply given by

Jo(v)™ -("'»)
At frequencies higher than 28.8 GHz, the far field contained a cross-

polarized component, as predicted by the theory of Ref. 4.

It was shown that a maximum bandwidth, expressed as the ratio a>2/W
of about 1.68 can be achieved for the type of corrugations considered

here. By using the corrugations of Ref. 10, which, however, are difficult

to realize at high frequency, greater values of t^/coi may be achieved.

Both the input reflection and the cross-polarization ratio can be im-

proved by increasing the thickness t of the disks at the input. Curves of

| p |

2 and C2 as a function of frequency for different values of t/h are given

in Fig. 2 of Ref. 4. In the experiment, t/h was kept constant for reasons

of simplicity, since our main concern was to verify the results of Sections

II through IV and of Refs. 1 and 4, and to demonstrate the feasibility of

the fabrication technique described in Appendix D.
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?. -30

CALCULATED
HE',

Pig, 8—Calculated and measured cross polarization; these are maximum values of cross

polarization (see Section III, eq. 26).
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APPENDIX A

Cutoff Frequencies of the HE,m and HE,m Modes

To determine eqs. (37) to (40) it is necessary to establish the relation

between a, b and the cutoff frequencies of the various modes of eqs. (12)

and (13). Assume the thickness of the disks is very small. Consider first

the cutoff frequencies ucm of the HEim modes, which are characterized

for large ka by the field distribution of eq. (12). In the vicinity of the

cutoff frequency wcm , we have, for any one of the above modes,

cos Bm = 0, (46)

where k cos m is the propagation constant in the z direction,

cos*m = Vl-7^i- (47)

For u ~ (ocm, we can show"2 -4 that the mode degenerates into either a TE
mode or a TM mode according to the following rule:

TEmode, ify>0,)

TMmode,ify<0,
(48)

CORRUGATED FEED EXPERIMENT 883



BOTH HE,, AND AHE' n PROPAGATE-^ / A

7.0155

"^
wv%|TM 12 I

REGION WHERE ONLY ^,<^$K$^^^A
THE HE,,- MODE . y^^^^^^^P^' j!
CAN PROPAGATE \ ><^^^^^^^^^^
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*>/
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a

*
1

*
1 Mill llllllllll
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/ /
/

/

1 A

1.841

(TE„
3.8317

(TM,,)

5.331

ITEi

Fig. 9—Region where only the HEi i mode propagates. Note: As w varies for a given a , b,

a point ka,kb moves along a straight line through the origin.

In the former case, since the only nonzero component of the magnetic

field of a TE mode near cutoff is Hz , we have H^ = 0, and therefore the

second of the two boundary conditions (6) can be ignored, which implies

that (ocm is independent of y. The corrugated waveguide can be replaced,

therefore, with a smooth waveguide of the same diameter whose cutoff

frequencies for the TE modes are given by the roots of J\(ka),

J\{ka) = for a = ucm (y > 0). (49)
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I
I /

wmrtM
V////////////yW^////////////.

/////////////.It'/////////////,

YW///////MII'/////////////,

V///s////////A\r///////y////,

y////////////A*y///////////,

Ibl

Fig. 10—Aluminum and brass disks assembled on mandrel, (a) Before machining, (b) After

machining exterior surface, (c) With eiectroformed wall of copper, (d) After machining
interior surface, (e) After etching away aluminum disks.

In the latter case, y < 0, the only component of the electric field for

^~ ojfm is Ez and, therefore, the very thin disks can be removed without

affecting the field. The cutoff frequencies therefore coincide with those

of the TM modes in a smooth waveguide of radius b, and are given by

the roots ofJ\(kb),

Ji(kb) = 0tora = wcm,(y<0)> (50)

Analogous considerations4 are valid for the HE lmmodes, except that

now, instead of the rules (48),

TMmode, ify>0,

TEmode, ify < 0,

and therefore the cutoff frequencies u>'cm are given by the conditions

J\(ka) = for co = (jj'cm , if y <
(52)

J\(kb) = Ofor co = wcm , if y > 0.

(51)
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Fig. 1 1—Modification ofassembly to obtain strong attachment to teeth of electroformed

wall.

These results are illustrated by the diagram of Fig. 9 showing in the ka.kb

plane the region* where only the HE! i-mode can propagate. We can see

that 0)9/0)1 is maximum when b/a = 7.0155/3.8317 = 1.8309, in which case

0)9/0)1 = 1.6839, as pointed out in Section I before eq. 2.

APPENDIX B

Effect of a Finite Number of Teeth Per Wavelength

In Section IV, we assumed an infinite number of teeth per wave-

length—i.e.,

h « X,

a condition which seldom holds in practice. For instance, in the experi-

ment

h > 0.13716X

for o) > 30 GHz. The effect of a finite number of teeth is not difficult to

evaluate approximately if

ka » 1,

In this case, in fact, the field in the vicinity of the corrugations can be

considered to be locally the field of a plane wave reflected by a corrugated

plane tangent to the actual corrugated surface. The angle of incidence

* In Fig. 9 we have not indicated a region for kb < 3.8317 where mode propagation can
occur, since that region is of no interest to us here. (The HE] 1 mode is cut off for kb <
3.8317).
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is 90° -0i, where

cos 0i = —

.

k

Thus, from Ref. 9, we find that a corrugated waveguide of radius a »
X with a finite number of teeth is equivalent to one with h « X, but with

slightly larger inner radius a',

,- ln2
,

a ~ a H h,
IT

and the same outer radius b. Although this result is strictly valid only

if a » X, measurements 1
' have shown that it is valid approximately even

for ka ~ 4.

APPENDIX C

Fabrication Technique

Even if the aperture of a feed is illuminated by a single mode, the far

field contains a cross-polarized component with amplitude proportional

to [eqs. (4), (5), and (27)]

1 I

I

—
]

ka (1 - t/h) ka tan/z/
(53)

To minimize this cross-polarized component, it is important that the

thickness t of the disks be much smaller than their separation h,

t«h. (54)

Since h is always appreciably smaller than X/4, and since typically the

depth / of the grooves is not much different from X/4, condition (54)

implies

t « X/4 (55)

t « I. (56)

Corrugated feeds are difficult to fabricate. When a corrugated feed

is electroformed, a mandrel of aluminum or other material is first pre-

pared, and then the corrugated feed is electroformed around the mandril,

which is then removed with a solvent. However, at high frequencies, say

at frequencies higher than about 10 GHz, condition (55) demands that

t be very small (much less than 0.318 cm). Then, taking into account (56),

the above technique cannot be used.

Figures 10 and 1 1 illustrate a technique that can be used at very high

frequencies, as high as 100 GHz, and which allows very small thicknesses

t to be realized. First a set of disks of aluminum and brass is assembled,

as shown in Fig. 10a, to form a single block whose outside surface is then
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machined as shown in Fig. 10b. The central rod shown in Figs. 10a and

b defines the axis of the corrugated waveguide. The surface Si corre-

sponds to the bottom of the grooves, as shown in Fig. lOe. The thickness

of the brass disks is t and, that of the aluminum disks, h — t. After the

surface Si is machined, a wall of copper (or other metal) is electro-

formed, as shown in Fig. 10c. The central rod is then removed, and the

inside surface S2, which corresponds to the tops of the grooves (see Fig.

lOe), is machined as shown in Fig. lOd. Finally, the aluminum is removed

with a solvent and the final product is the corrugated waveguide of Fig.

lOe. An important feature of this technique is that the two surfaces Si

and S2 can be machined very accurately.

If the brass disks are too thin, their mechanical adherence to the

copper wall in Fig. lOe may not be satisfactory. In this case, we may
modify the above procedure by adding, after step b, an extra step b' in

which the brass disks of Fig. 10b are replaced with disks of somewhat
larger diameter, as shown in Fig. lib'. The exact dimensions of the new
disks are not important. The final result, after the aluminum is removed,

is shown in Fig. lie'. The disks are now embedded in the copper wall.
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